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Abstract- A lake provides a wide range of ecological services 
useful for the sustenance and betterment of human lives and 
other living organisms. A lake is a reflection of its catchment, if 
the catchment area is healthy, then the ecological services 
provided are better. The fast-paced development activities in the 
catchment area of lakes and the over-consumption of available 
resources are resulting in the degradation of lake’s ecological 
services. The Upper Lake in Bhopal, a million plus population 
city situated in the central part of India has been selected for the 
study. The current regulatory regime for environmental 
conservation of the catchment area comprises of a legislative 
framework and a set of regulatory institutions. Inadequacies in 
each result not only in accelerated environmental degradation 
but also delays and escalates the costs of development projects. 
Development control regulations for the catchment area of urban 
water bodies require a holistic approach. This paper is an 
attempt to find out the gaps in the existing institutional 
framework to conserve the catchment area. The focus is to 
identify and assess the major issues pertaining to the degradation 
of the Upper Lake and its catchment area and formulation of 
development regulations for its conservation. For the purpose of 
this study, the catchment area of Upper Lake has been delineated 
with the help of catchment area assessment technique. The 
existing development regulations and policies prevailing in the 
selected area has been reviewed for identifying the gaps 
responsible for environmental degradation of the catchment 
area. Geographic information system is used extensively for 
analyzing environmental status of the region in parallel with a 
primary survey targeting the village stakeholders in catchment 
area to analyze socio-economic profile and to assess the 
agricultural practices adopted. As an outcome, an institutional 
framework is formulated to conserve, govern and monitor the 
catchment area and the Upper Lake. 
Keywords- Catchment, Development Regulations, Ecosystem 
Services, Urban Water Body, Wetland 
I. INTRODUCTION
Lakes have been categorized in several ways, based on the 
mode of their origin; they are either natural or constructed. In 
the semi-arid and arid regions of western peninsular India, 
waterbodies have been constructed, e.g., Lake Sudarshan in 
Gujarat, Upper Lake in Bhopal, etc. They are the most 
accessible and precious source of fresh water for human use. 
Lakes have an exceptional biological diversity and provide a 
wide range of ecosystem services such as provisioning, 
regulating, supporting and cultural [23]. Lakes also support 
significant recreational and social activities transferable into 
economic benefits through tourism. Both the lake and its 
catchment area have been inextricably linked in terms of their 
ecosystem services and the complex nature of their 
interactions. Lakes have witnessed large scale degradation of 
their environment in general and water quality in particular 
[28]. Major threats to the lakes are; discharge of sewage water, 
the growth of thick mats of aquatic weeds and increased 
siltation from its catchment area. To protect lakes, there is a 
need to regulate anthropogenic activities happening in the 
catchment area. Ministry of Environment, Forest and Climate 
Change of India considers the importance of regulatory 
measures for the lake and its catchment area [13]. National 
Environment Policy 2006 of India also recognizes the 
ecological services provided by wetlands and emphasizes the 
need to set up a regulatory mechanism [18]. 
Bhopal is a million plus population city located in the 
central part of India also known as the city of lakes. The Upper 
Lake is the largest of all the lakes in the city. For the purpose 
of the study, the Upper Lake and its catchment area is 
selected. It is a part of Bhoj wetland, recognized as one of the 
wetlands under Ramsar convention in the year 2002 for its 
rich biodiversity. Upper Lake’s catchment area spreads 
between two districts, namely Sehore and Bhopal. Both the 
districts have various levels of authorities with roles further 
limited to their respective action areas leading to the 
uncontrolled growth of anthropogenic activities in the 
catchment area. The ecological and hydrological processes of 
the Upper Lake are adversely affected due to unprecedented 
population growth, consequent urbanization, land use change, 
industrialization and chemical-intensive agriculture [16]. The 
aim of this paper is to propose an institutional framework 
along with a regulatory body that shall consider both the 
Upper Lake and its catchment area as a single entity. 
II. IMPORTANCE OF CATCHMENT AREA
The catchment of the lakes may vary considerably with 
respect to their area, biophysical characters and land use. 
Catchments of urban and suburban lakes has been mainly 
dominated by human settlements contributing to both 
wastewater and solid waste generation. It could be related to a 
funnel, which collects water that drains into an area and 
channels it into streams, rivers or oceans. They include rural 
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 areas such as agricultural land, forests, grasslands, urban areas 
such as city centers and housing. The land within a catchment 
affects both the quality and quantity of water available to 
human beings and wildlife. 
Catchments are important because all the living organisms 
rely on water and other natural resources to exist. All the 
activities taking place in the catchment area affects the 
ecological conditions and the ecosystem services provided by 
the lakes [26]. “A lake is a reflection of its catchment,” 
meaning with a well-protected catchment area, the water 
quality of the lake is of potable standards [27]. Lobau is a 
Vienna floodplain in Austria that retains flood water, 
recharges the ground water and provides drinking water and 
recreation over 600,000 visitors a year. It was designated as a 
Ramsar wetland for its rich biodiversity under the European 
Unions’s Natura 2000 network [3]. 
III. ISSUES IN THE CATCHMENT AREA OF AN 
URBAN WATER BODY 
For the health of a city, lakes act as the biological 
barometers. The condition of any lake and its ecosystem 
depends upon the nature of the wetland and its exposure to 
various environmental factors [2]. The degradation of a lake 
and its catchment is mainly due to deforestation, stone 
quarrying, sand mining, agricultural practices, soil erosion and 
increased siltation [24]. The greed based development tends to 
overlook the existing environmental conditions of the region. 
Water bodies and drainage network are most vulnerable to 
such unprecedented development. The cause of such 
unplanned and unprecedented growth is poor planning 
approach and insensitive governance. The intensive 
agricultural practices and land use change due to residential 
development in the catchment reduces the inflow of water into 
the reservoirs. 
The policy and decision makers design policies solitary 
catering to public benefits, resulting into injustice towards the 
environment. Therefore, efforts taken for protecting the urban 
lakes have not been helpful in meeting the objective of 
conserving their ecosystem. The catchment area of the 
Pallikaranai marshland, Chennai was of 50 Km2, it has 
reduced to 4.3 Km2 [19] that resulted in a devastating flooding 
in the city in 2015. The probable reasons behind the flooding 
would be: filling up lowlands without proper planning; little 
space for storm water to drain; and encroachment of the river 
banks. The hard-paved ground hampers the rate of percolation 
causing water to flood. There are instances wherein the 
authorities who have been assigned to maintain the ecology of 
the area are themselves taken away the sensitive portion of the 
land. 
There are cities in India having guidelines for the 
catchment area protection. It is either performed with the help 
of regulations supported by a statutory document or a map of 
the area demarcated as an eco-sensitive zone or no 
development zone as in the case of Redhill catchment area in 
Chennai. Furthermore, Loktak and Chilika Lake Conservation 
Authority have the reports published and brought into the 
public domain for better regulation of catchment areas. Civil 
Society Organizations (CSO)/ Non-Governmental 
Organization (NGO) are neglected most often by the 
authorities to create awareness amongst the people. 
Lakes in current Indian scenario face the similar set of 
issues, predominantly siltation, shrinking at the periphery due 
to encroachment and pollution. To protect, conserve and 
restore the lakes, provisions like self-sustainability plans; 
conservation and management plans for the lakes has been 
adopted. For example, Powai Lake is an artificial lake in 
Mumbai, with the physiographic area of 2.1 Km2. The issues 
associated with the lake is siltation and eutrophication. The 
authority has taken up restoration work in the area. The Powai 
Senior Citizens’ Association (PSCA) has come up with a self-
sustainability (ecotourism) plan for the lake [10]. Dal Lake 
situated in Srinagar valley, Jammu and Kashmir had the 
physiographic area of 75 Km2, which in 2016 barely stretches 
to 12 Km2. Conservation and management of Dal Lake has 
been proposed for restoration. Any construction within the Dal 
Lake, 200 m from the lake has been restricted by the authority 
[15]. Loktak Lake is a freshwater lake (only floating lake in 
the world) located in Manipur with a physiographic area of 75 
Km2. The Loktak Development Authority (LDA) & Wetlands 
International Asia (WISA) have taken up Short-Term Action 
Plan (STAP) for its conservation and management [29]. 
Similar initiatives are also proposed for Hussain Sagar Lake in 
Telangana [8]. 
IV. METHODOLOGY 
The study has been carried out in three stages. The first 
stage is to understand the existing development regulations 
applicable to the catchment area. Existing policies and 
organizational setup are studied to identify and highlight the 
gaps in the current framework. The second stage is to find out 
the issues responsible for environmental degradation in the 
catchment area. The catchment area of the Upper Lake has 
been delineated with the help of catchment area assessment 
technique using GIS and remote sensing. Topo sheet was 
referred to while outlining catchment area using Theissen 
Polygon Model (TPM). Thereon, slope analysis has been 
carried forth using Digital Elevation Model (DEM) imagery 
procured from USGS- Earth Explorer website. The 
hydrological tool has been used to analyze the stream orders in 
the existing perennial source of water. Morphometric analysis 
has been carried forward to generate the superimposed 
choropleth maps for the characteristic features of the study 
area such as geology, geomorphology, soil types, forest cover, 
etc. The methods implemented to assess the impacts of 
anthropogenic activities on the urban water body are; 
Landuse/ land cover change (LULC), time series analysis, 
socio-economic impact analysis and water quality analysis. 
LULC change has been analyzed using three LANDSAT-7 
imageries of the respective years; 1972, 1992 and 2007 with 
the help of supervised classification using ERDAS Imagine. 
A primary survey has been conducted in the villages 
located in the catchment area to analyze socio-economic 
profile and to assess the adopted agricultural practices. 14 
villages out of 99 villages had been selected on the basis of 
viz:  population growth; availability of environmental 
components; and proximity to the drains. In the third stage, the 
study tries to establish a cause and effect relationship between 
unregulated land use change and ecological services provided 
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 by the lake. Leopold matrix method has been adopted to 
highlight the significant impacts of development activities on 
environmental components of the study area. The proposals 
are in the form of developmental regulations for the catchment 
area are drawn upon to protect urban water body from the 
impacts of anthropogenic activities. 
V. STUDY AREA 
Upper Lake is a part of Bhoj Wetland, declared as Ramsar 
site in the year 2002. Bhoj wetland comprises of the Upper 
Lake and the Lower Lake, wherein area of the Upper Lake is 
31 Km2 and of Lower Lake is 1.29 Km2. Upper Lake is 
situated between 77º 30’–77º 35’ E and 23’ 25”–23’ 26’N, 
523 m above the sea level [25]. The regional setting of Upper 
Lake and its catchment area is shown in Fig. 1. 
Upper Lake receives water mainly through the inflow of 
water drained from Kolans river as shown in Fig.1 whereas the 
Lower Lake receives seepage from the Upper Lake and 
several other drains from its catchment area. It has maximum 
and the mean depth of 11.7 m and 6 m, respectively. It has 
submergence area of about 36.5 Km2 and catchment area of 
361 Km2 [25]. It has been acting as an established ecosystem 
for 900 years and a vital source of drinking water. It is also 





Figure 1. Regional Setting 
VI. DEVELOPMENT REGULATION FOR THE 
URBAN WATER BODIES AND CATCHMENT AREA 
The conservation and protection of urban water bodies are 
dependent on various institutions at center, state, and local 
level as explained in TABLE 1. However, water is the subject of 
state, and therefore, the center has a limited authority during 
the implementation of policies and protection of urban water 
bodies. Apart from all the conservation guidelines, there is 
also a plethora of acts/ bills for lake protection such as Ramsar 
Convention on Wetlands 1971, Water (Prevention and Control 
of Pollution) Act, 1974 and The Environment Protection Act, 
1986, etc. However, only a few states in India have passed and 
implemented bills targeting urban lake conservation such as 
Assam, West Bengal, Andhra Pradesh and Kerala. In 
Guwahati, the state government had approved the Guwahati 
Water Bodies Bill 2008, East Kolkata Wetland Conservation 
and Management Bill was passed in 2006 [6];[13]. Besides 
these institutions, Special Purpose Vehicle (SPVs) helps in the 
conservation of many water bodies. 
TABLE 1 ROLES OF VARIOUS AGENCIES FOR GOVERNENANCE 
AND ADMINISTRATION OF UPPER LAKE AND ITS CATCHMENT 
Agency Role 
1. At Union Level 
Ministry of Environment and 
Forest  Formulation of guidelines, policies, and programs National Wetlands Committee  
2. At State Level   
Department of Housing and 
Environment  
Formulation of policies and budget for 
the lake area  
Urban Administration and 
Development Dept.  
State steering committee for 
wetlands  
3. At Local Level  
BMC  Infrastructure Development, Building permission  
Zila Parishad Bhopal and Sehore  Rural development, Infrastructure Development, Building permission  
Agriculture Department  Agricultural Development, Soil Conservation  
Forest Department  Social Afforestation Ecological 
Conservation  Environmental Planning and Coordination Organization  
Irrigation Department  Water supply, Development of water resources  
Public Health Department  Construction of toilets  
Source: (M.P.L.C.A., 2005) 
The study area falls under two separate districts having 
distinct levels of governance. There are three different 
administrative boundaries in the catchment area; Bhopal 
municipal area, Bhopal planning area, Bhopal Zila Parishad 
and Sehore Zila Parishad as shown in Fig.2. In the case of 
Sehore, Sub-Divisional Magistrate (SDM) has the power of 
issuing building permission for the portion of the land falling 
under their jurisdiction. In the case of Bhopal, there are three 
levels of planning and regulation as shown in Fig.3. 
 
Figure 2 Administrative boundaries in the catchment area 
Bhopal District 
Sehore District 




Upper Lake  
Lower Lake  
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Figure 3 Governance and Administration of Upper Lake and its catchment 
area 
A master plan is applicable within the planning area. In 
order to regulate the non- planning area, Town, and Country 
Planning can only suggest SDM over land use change permits. 
The Gram Panchayat has the power to consider or neglect 
those suggestions while permitting building construction or 
land use change. Bhopal Municipal Corporation upholds the 
rights reserved for building permissions and infrastructural 
development within the limits of municipal boundary. With so 
many levels of jurisdictions, it becomes uneasy to frame 
regulations for the catchment area, and the various 
Government agencies are always restricted to work within 
their limited scope of action. To maintain and protect the 
health of the Upper Lake, there is a need to develop a 
regulatory framework for its catchment area as well [13]. 
The organizations working in the sphere of lake 
conservation and planning have been categorized into four 
categories in India. First is a statutory body that is responsible 
for preparing a land use plan and control for the lake area e.g., 
Scottish Lake District, EKWL and Loktak Lake Development 
Agency. Second, an association or trust for providing 
governance. Third, a governmental body that has got 
permanence like a statutory body, independence, flexibility, 
and chaired by the highest political functionary of the state [5]. 
As observed in Chilika Development Authority (CDA) which 
is a registered governmental body headed by the chief 
minister. This apex body has space for various concerned 
departments, NGOs, and scientific fraternity. Fourth, a semi-
autonomous body controlled by the government. The 
management practice in the western world gives a lot of 
consideration to the Civic Society Organizations (CSOs) while 
preparing the lake conservation plan. In the case of Scottish 
Lake District or the New Hampshire Lakes, 8 out of 13 
advisory members are of various associations, including the 
realtors [5]. 
The Government of Madhya Pradesh has constituted a 
Lake Conservation Authority (LCA) under the guidance of the 
Chief Secretary. LCA was registered as a society in 2004 after 
the successful implementation of the Bhoj Wetland Project for 
integrated conservation and management plan for the Upper 
Lake and the Lower Lake in Bhopal. The objectives of LCA 
were to execute post- project conservation and management 
works of the lakes, to assess the impacts of various 
anthropogenic activities on the water quality of the lake, and 
the regulation of all the of activities which are detrimental to 
the lakes [13]. The acts associated with LCA are such as The 
Indian Fisheries Act, 1897; Indian Forest Act, 1927; Wetland 
(Protection) Act, 1972; Land Acquisition Act, 1894, and Town 
and Country Planning Act 1947, etc. LCA got dissolved after 
ten years from its formation since the authority was unable to 
meet its objective of Upper Lake and catchment conservation 
(refer Fig.4) [11]. 
 
Figure 4. Dissolution of MPLCA 
Development regulations in the study area would allow the 
maintenance of the quality, volume, and biodiversity of the 
lake, for example, limiting land use change by the 
Development Authorities or Urban Local Bodies (ULB) for 
the conservation of lakes. The catchment of Redhills Lake in 
Tamil Nadu, South India serves as the important source of 
water supply to the city. The catchment area has been 
restricted for development by prohibiting any land use 
reclassification for urban use. The idea is to eliminate the 
possible contamination and to realize the full benefits of 
surface runoff during precipitation. The villages falling under 
the catchment boundary are listed and monitored on the basis 
of their population growth, economic activities, land use 
change, sprawling, storm water collection, drainage pattern, 
etc. [22]. 
There is a need for the paradigm shift in which the 
authority considers the lake and its catchment area as a single 
entity. The governance structures which are functioning in 
some states are more like government agencies, though not 
exactly like a department, more suitable as a regulatory body. 
Lake conservation authorities such as Chilika Lake, Loktak 
Lake and Deepor Lake, have their conservation and 
management plan for the protection of the water body. The 
plan considers the ecological, physiographical and 
physiochemical characteristics. The most difficult challenge 
lies in front of the decision makers is to decide the permissible 
extent of urbanization in the catchment area to restrict the 
growth of a particular sector such as industrial, residential, and 
commercial [12]. 
VII. ANALYSIS AND DISCUSSIONS 
A. Delineation of the study area 
Topo sheet was first referred to delineate the catchment 
area using Theissen Polygon Model (TPM). TPM determines 
the catchment boundaries by evenly splitting the distance 
between nearby National Hydrography Dataset (NHD) flow 
lines. DEM imagery is inserted in the slope analyst toolbox to 
generate degree slope map of the delineated region. TABLE 2 
shows land slope classification in the region. Maximum 
portion of the catchment area falls between 1.5-3.0 percentage 
slope. 
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TABLE 2. LAND SLOPE CLASSIFICATION 
B. Hydrogeology 
Streams are generated using stream order tool in the 
hydrology toolbox (refer Fig.5). There are five levels of 
streams serving as drain network to the Upper Lake. Kolans 
river is the highest order stream acting as the major drain 
channel. The geology of the area is of Basalt nature of rocky 
origin. Whereas the geomorphology of the catchment area is 
majorly Buried Pediplain which is an outwash plain formed in 
formerly mountainous or hilly arid and semiarid regions 
through the parallel retreat of valley slopes. It has low 
drainage density (1.5 -2.0) Km/ Km2 area. The region has a 
better ground water potential but due to over extraction of 





Figure 5. Delineation of the study area  
C. Rainfall and Temperature 
The catchment area has been characterized as medium 
rainfall zone (1050-1260 mm). About 92 percent of the annual 
rainfall takes place during June until September. The southern 
part of the city receives more rainfall than the northern portion 
(IMD, India). The rate of precipitation has increased from 2001 
to 2011 but the spread has reduced by a month as shown in 
Fig.6. The maximum water level goes up to 505-506 m during 
the peak rainy season [7]. The depth of ground water table in 
the catchment area ranges from 05-20 m. The rapid 
urbanization and built-up increase in the catchment area have 
resulted in the increased surface runoff causing soil erosion 
and the high level of sedimentation. 
 
Figure 6. Monthly Lake Water Levels 
Source: Environmental Planning & Coordination Organization (EPCO), 
Master Plan for Upper Lake, CEPT, IMD Bhopal 
D. Soil erosion and level of sedimentation 
The region primarily experiences severe level of erosion. 
Due to erosion, the nutrient and chemical from fertilizers and 
pesticides get eroded into the lake water causing 
eutrophication that supports the luxuriant growth of 
Macrophytes. Sedimentation has reduced the efficiency of 
streams to carry water from the catchment area to the Upper 
Lake due to siltation. The highest level of sedimentation could 
go up to more than 10 tons per hectare in the region. 
Watersheds 4, 5, 6, 7, 8, 10, 11, 12, 16, 17 and 21 experience 
the higher rate of sedimentation as shown in Fig.7 [7]. 
 
Figure 7. Area experiencing high rate of Sedimentation 
Source: Master Plan for Upper Lake, CEPT 
The higher level of sedimentation is experienced by the 
region by the loss of vegetation due to land use conversion. 
The greed based land use conversion has caused a total loss of 
463 Ha of forest area in the catchment area (refer TABLE 3). 
The loss of forest area as shown in Fig.8, is for converting the 
land into agricultural field. 
TABLE 3 LOSS OF VEGETATION IN THE REGION 
Village Name Forest Area (Ha) Decadal Vegetation  Loss (Ha) 1981 1991 
Thuna Kalan 196.77 193.99 -2.78 
Bamuliya 300.83 300.82 -0.01 
Bilkisganj 1.46 1.45 -0.01 
Uljhawan 12.08 11.29 -0.79 
Imli Kheda 339.11 220.32 -118.79 
Patni 164.35 0.00 -164.35 
Doobdi 176.15 0.00 -176.15 
Total Loss 1190.75 727.87 -462.88 
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Figure 8 Forest Area (1981) 
Source: Census of India 
E. Lake Water Quality 
More than eighty percent of the catchment area has rural 
characteristic and is dominated by agriculture as the major 
economic activity. The runoff from the rural catchment enters 
directly into the Upper Lake via streams. It affects the quality 
of water in the lake and is a long-term threat to the health of 
the lake. It is estimated that 9.82 Million Gallons per Day 
(MGD) of sewage enters the Upper Lake [7]. The use of 
chemical fertilizers in the catchment area has a residual impact 
on the Upper Lake. The annual average inflow of Phosphate 
and TDS into the lake is 5.2 mg/l and 274 mg/l respectively 
[7]. Whereas, concentration of Nitrate and Phosphate has been 
observed to be increasing [28] (refer Fig.9 for Nitrate 
concentration). All the above parameters are studied along 
with the monthly rainfall. Their overall dissolution increases 
from the month of June and remains high until September as 
shown in Fig.10. 
  
Figure 9. Level of Nitrate inflow into the Lake  
Source: M.P. State Pollution Control Board, Bhopal 
  
Figure 10. Variation of Quality parameters of Lake Water 
Source: M.P. State Pollution Control Board, Bhopal 
VIII. DEMOGRAPHY AND SOCIO-ECONOMIC 
ANALYSIS 
There are around 99 villages in the catchment area, out of 
which administrative boundary of 67 villages completely lies 
within the catchment boundary, and rest are partially located. 
Total population in the rural catchment area is 1,21,286 and 
literacy rate in the rural part of the catchment area is 56.5 % as 
per 2011 census of India. The percentage of main workers in 
rural Bhopal is 71 %, out of which 48 % are cultivators, and 
28 % are the agricultural laborer. In case of Sehore, 55 % are 
cultivators and 29 % agricultural laborers out of 84 % main 
workers. Thus, the majority of the population is engaged in 
agricultural as the major economic activity. A primary survey 
was conducted in the 14 villages, selected on the basis of their 
population growth and ecological diversity (proximity to the 
Upper Lake, the drains and the forest area). Most farmers have 
small landholdings of only a few acres. Major agricultural 
produce is wheat, gram and soya bean along with vegetables. 
Use of chemical fertilizers and pesticides has increased over 
the years, and most farmers have shifted from cultivating 
subsistence crops to cash crops such as wheat and soya bean. 
During the primary survey, it was recorded that the main 
fertilizers used by farmers in the region are urea, 
Diammonium Phosphate (DAP), and super phosphate. For 
soya bean production in one acre of land about 50 kg of urea is 
consumed costing 1500 INR and more per 25 Kg bag. Due to 
the excessive use of chemicals, the region is facing an average 
loss of 05-15 Quintal/acre in the total production (Author). Due 
to over consumption of the chemicals, NPK ratio in the soil is 
observed to be above the national average ratio [2] (refer 
TABLE 4). 
TABLE 4 COMPARATIVE NPK RATIO 
Cropping Season Bhopal Sehore National Average Ratio 
Kharif (July-Oct) 8:10.5:1 17:21:1 4:1.6:1 
(Food and Agriculture 
Organization, India) Rabi (Oct- March) 20:7.75:1 14.5:6:1 
Source: District Office, Bhopal and Sehore 
Farmers perceive that using organic strategies for 
agriculture is labor intensive. Therefore, they are reluctant to 
switch to organic farming because of the incurred profit 
margins. Cultivation of single crop without practicing fallow 
culturing causes nutrient deficiency in the soil. The agriculture 
runoff from the rural catchment enters via streams into the 
upper lake, predominantly causing the higher rate of 
Eutrophication as comprehended via Biological Oxygen 
Demand (BOD) level in Fig.11. 
  
Figure 11 Level of B.O.D in the Lake 
Source: M.P. State Pollution Control Board, Bhopal 
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 As per the evidence provided by the district offices, more than 
60 % of the total population in the catchment area practices 
open defecation. This unhygienic practice is responsible for 
the increased Total E. coli content in the lake water, giving 
birth to various health-related issues in the region (refer 
Fig.12). 
 
Figure 12 Level of G. coli content in the Lake 
Source: M.P. State Pollution Control Board, Bhopal 
 
IX. LAND USE LAND COVER (LULC) CHANGE  
Landsat Thematic Mapper (LTM) is used to map the 
catchment area of the Upper Lake. LTM has been procured at 
a resolution of 30 m of the year 1972 to 2007 was used for 
LULC classification. The satellite data covering study area 
was obtained from USGS- earth explorer website [30]. These 
data sets are then imported into ERDAS Imagine, satellite 
image processing software to create a False Colour Composite 
(FCC). The layer stack option in image interpreter tool box 
was used to generate FCCs for the study areas. The sub-setting 
of satellite images had been performed for extracting study 
area from both images by taking geo-referenced outline 
boundary of the catchment area as Area of Interest (AOI). 
During LULC analysis, supervised classification method 
has been applied through Maximum Likelihood Algorithm 
(MLA) in the ERDAS Imagine. MLA is one of the most 
popular supervised classification methods used with remote 
sensing image data. This method is based on the probability 
that a pixel belongs to a particular class. The basic theory 
assumes that these probabilities are equal for all classes and 
that the input  
bands have normal distributions. However, this method needs 
a long time of computation, relies on a normal distribution of 
the data in each input band and tends to over-classify 
signatures with relatively large values in the covariance 
matrix. The spectral distance method calculates the spectral 
distance between the measurement vector for the candidate 
pixel and the mean vector for each signature and the equation 
for classifying by spectral distance is based on the equation for 
Euclidean distance. The method requires the least 
computational time among other supervised methods. Ground 
verification has been done for doubtful areas. Based on the 
ground reality, the errors in the classified areas were corrected 
using recode option in ERDAS Imagine [14]. The five LULC 
categories identified in the study area is water body, built up, 
marshland, barren land, and agriculture land. The land cover 
of catchment area for the year 1972, 1992 and 2007 are 
illustrated in Fig.13. The percentage change of land cover for 
the period of 35 years has been recorded in TABLE 5. Ever 
since 1972, there has been 15 percent built-up increase due to 
unprecedented land conversion in the catchment area. 
   
Figure 13 Land use- Land cover change detection
TABLE 5 LULC CHANGE 
X. IMPACT ANALYSIS 
Leopold matrix is adopted to evaluate the impacts of 
anthropogenic activities on the environment of the Upper 
Lake and its catchment area. Leopold Matrix analysis does 
not produce an overall quantitative rating of the issues and 
environment; instead, it portrays many value judgments by 
their designated magnitude and importance. Magnitude of 
the effect depends on the extent to which an issue is capable 
of impacting the environmental components (greater the 
negative impact, higher is its importance) as shown in 
TABLE 6. Experts from profession and academicians were 
asked to assign importance on the scale of 0 to 4, wherein 
‘1’ is assigned to least negatively affecting environmental 
component and ‘4’ has been assigned to most negatively 
affecting environmental component from the identified 
anthropogenic activities happening in the catchment area, as 
shown in TABLE 7. Impact factors have been evaluated 
separately for each environmental component relevant to the 
scope of this study TABLE 8. Thereon, the sums of all the 
 
1972 1992 2007 





Water body 2082 6 2063 6 2064 6 
Built up 3503 4 2764 8 5392 15 
Marsh Land 16328 44 8089 22 6830 19 
Barren Land 5473 20 6273 17 3705 10 
Agriculture Land 8714 26 16911 47 18109 50 
Total 36100 100 36100 100 36100 100 
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 impact factors are divided by the total number of 
environmental components and activities to get the average 
value of the impact factor as shown in TABLE 8. 










Scale Effect Percentage 
0 No observable effect 0 
1 Low effect 0-25 
2 Tolerable effect 25-50 
3 Medium High Effect 50-75 
4 High effect >75 
The total average value of impact factors of the expected 
negative impacts of the anthropogenic activities is 12.63. 
The environmental components such as water quality, the 
level of eutrophication and health/ hygienic conditions 
requires immediate attention as reflected in TABLE 8. These 
impacts have been caused due to activities like inorganic 
farming, cutting of forest for developing cultivable land, 
waste disposal into the lake. 
TABLE 7 IMPORTANCE ASSIGNED TO THE VARIOUS ENVIRONMENTAL COMPONENTS 
Use of inorganic 
fertilizers in Agriculture  Use of chemical 
Groundwater as a 
source of irrigation  Land use change 
Sanitation Conditions  
 
(% usage) I Kg/Ha I (%) I Forest to Agricultural field I 
Agricultural to 
Build up I Activity I 
0-25 1 <50 1 0-25 1 0-25 1 0-25 1 Waste disposal 2400 
Million liters per day) 4 25-50 2 50-75 2 25-50 2 25-50 2 25-50 2 
50-75 3 75-100 3 50-75 3 50-75 3 50-75 3 Open defecation (More 
than 65% population) 4 >75 4 >100 4 >75 4 >75 4 >75 4 
a. I= Importance (0-4) 
 
TABLE 8 IMPACT ANALYSIS 
 
Activity                            
 
           Environmental                    


























Water quality 16 16 16 16 16 12 92 15.3  
Erosion 12 3 16 16 0 9 52 8.7  
Siltation 16 3 16 16 16 9 76 12.7  
Increase in surface runoff 12 0 16 16 16 9 69 11.5  
Eutrophication in Lake 16 12 16 12 16 12 84 14.0  
Biological 
Component 
Diversity of flora 12 16 16 16 12 3 75 12.5  




Land use 16 16 16 16 4 0 68 11.3  
Economy 16 12 12 16 8 9 73 12.2  
Health/ hygiene 16 16 12 16 16 12 88 14.7  
Total sum of IF values 140 102 152 156 120 84  125.7  
Average of IF values 14.00 10.20 15.20 15.60 12.00 8.40  75.4 12.63 
XI. REGULATORY FRAMEWORK 
The proposed framework is of an independent 
development body named as “Upper Lake and Catchment 
Area Development Authority” headed by the Chief Minister 
of the state. The authority comprises of three separate units, 
Governance, Conservation and Monitoring as shown in 
Fig.14. The body will have the supreme guardianship over 
the protection and conservation of the lake and its ecology. 
The conservation, administration, finance and scientific 
sections would provide integrated technical support to the 
body with the addition of the monitoring labs. These 
subunits would work in coordination with the Panchayats to 
ensure the effective functioning. The concept of levy 
violation charges has been incorporated in the framework. 
Demarcation of NDZ in the region has been proposed to 
curb the unregulated encroachment along the drains and the 
Upper Lake. Provision of Transfer of Development Rights 
to the landowners willing to sell their barren crop land to be 
converted into forest land, or flexibility in Floor Space 
Index (FSI) if the land parcel falls in the development zone. 
Land use, such as commercial, industrial, dense residential 
are prohibited and is checked by the planning body. 
Including a gram panchayat representative from the 
Panchayat committee will bridge the gap between state level 
and village level jurisdiction. 
Furthermore, similar to the case of the Redhills 
Catchment area, the body shall have a statutory document 
like a master plan, accessible to the public for reference. The 
document shall contain all the maps of the catchment area, 
Transfer of Development Rights (TDR) guidelines, 
demarcated No Development Zone (NDZ), land use, storm 
and sewerage network and watershed management. The 
hierarchy of the framework goes down to officers, scientists, 
engineers, planners (urban, regional and environmental), 
accountants and tehsildars. Involvement of NGOs shall 
ensure the level of awareness amongst the local people 
about the benefits of organic farming and regulated 
chemical consumption because demotion of chemical use 
will not alone solve the problem. 
 
Figure 14 Proposed framework of the regulatory body 
 
Accountant 
GSTF Journal of Engineering Technology (JET) Vol.5 No.1, 2018
© The Author(s) 2018. This article is published with open access by the GSTF
 XII. DEMARCATION OF NO DEVELOPMENT 
ZONE 
NDZ have been demarcated around the riparian buffer 
that refers to the land adjacent to streams where vegetation 
has been strongly influenced by the presence of water. The 
riparian buffer along the drains could be delineated by 
adopting subsequently discussed approaches using ArcGIS. 
The first approach is to create buffers along the streams 
using buffer tool in ArcGIS as per guidelines of National 
River Conservation Plan (NRCP), 2010 of India. The 
different buffers along streams are plotted for different 
stream orders as shown in Fig.15. The buffer distance for 
fifth and fourth order streams is 500 m, for third and second 
order is 250 m, and the first order is 100 m, where no 
development activity is permissible. 
There is no consideration of the depth of the stream for 
calculating the buffer zones. The data required and the 
procedure followed is simple and functions effectively 
without requiring information on the floodplain of the region. 
 
Figure 15. No development zone as per NRCP Guidelines, India 
The second approach considers the depth of the streams 
for calculating the riparian buffers using ArcGIS. The 
riparian buffer has been referred as setback area or setback 
belt [9]. The setback width is calculated using following 
information. 
1. Stream Setback Width= Buffer range (m) 
2. Average Stream Depth= from field survey data (m) 
3. Total Stream Area= from ArcGIS software (m) 
4. Total Stream Length= from ArcGIS software; [m= meter] 
The calculations have been done by introducing the 
below mentioned Stream Setback Width equation in the field 
calculator using ArcGIS as shown in TABLE 9. The buffers 
generated after using the equation is illustrated in Fig.16. 
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑊𝑊𝑊𝑊𝑊𝑊𝑆𝑆ℎ = 𝐴𝐴𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐷𝐷𝑆𝑆𝐷𝐷𝑆𝑆ℎ 𝑋𝑋 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆
𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑇𝑇𝑆𝑆𝑙𝑙𝐴𝐴𝑆𝑆ℎ  











5 20196 282744 6 84 
4 16844 185284 6 66 
3 52513 262565 2.5 12.5 
2 97078 242695 2 5 
1 230184 575460 2 5 
 
Figure 16. Riparian Buffer Delineation Model in ArcGIS 
The third approach is Riparian Buffer Delineation Model 
(RBDM) tool, developed by ESRI. The tool is directly 
imported in ArcGIS using add tool option in the ArcGIS 
toolbox. It is a simple, practical mapping approach utilizing 
geospatial data under ArcGIS Desktop. The model accounts 
for river /streams watercourse and its associated floodplain. 
The optional data inputs provide riparian mapping and 
attributes such as riparian wetlands, riparian soil type, and 
riparian land cover classes. The model is independent of 
landform with a simple interface that can be easily used and 
shared [1]. RBDM considers 50-year floodplain value along 
the moving watercourse [17]; [21]; [4]. Therefore, it is more 
efficient in generating riparian buffers along the streams. 
Riparian buffers obtained in all the three approaches can be 
used to regulate the encroachment along the streams to stop 
the shrinking of the Upper Lake. The villages falling within 
the buffer distances have to be restricted from further 
outgrowth. The restrictions could be brought in by 
regulating the sprawl and controlling the encroachment. The 
calculated buffer distances along the streams have been 
proposed with Phytoremediation. Phytoremediation when 
done by planting indigenous trees and plants having high 
remedial properties and shows better results in the form of 
improved water quality and reduction in soil erosion. 
XIII. CONCLUSIONS 
The study highlights the importance of a healthy 
catchment area and is explained by linking it with the water 
quality of the Upper Lake. Upper Lake has the world’s 
largest catchment area in the category of artificial lakes. The 
magnificent size of the Upper Lake and the presence of 
native and migratory birds and other species emphasizes its 
importance and need for development regulation for the 
catchment area. The economic activities practiced in and 
around the lake have caused degradation of water quality. 
Encroachment is another major issue that has caused 
shrinkage of the lake periphery. 
The study establishes the cause and effect relationship 
between the anthropogenic activities and the impact they 
cause over to the environment. Organic farming and 
decentralized sewage treatment plant are required in the 
villages to channel the sewage to drain into the lake. It will 
lower the E. Coli content in the lake water. Announcing 
rewards and recognition to the clean village in the 
catchment area for improved sanitary condition. Promoting 
social awareness campaigns on the preventive measures and 
health education. The study explores the need to have an 
independent regulatory body for the catchment area and 
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 Upper Lake. The independent body will have the power to 
check illegal construction and implement a management 
plan for the Upper Lake and the catchment. 
The proposal tries to integrate the regulatory measures 
adopted for the conservation of catchment area to improve 
the condition of Upper Lake. An integrated approach to soil 
and water conservation has been established for the 
protection of lake which was missing earlier in the dissolved 
departmental body (MPLCA). The body will not look at 
Upper Lake and its catchment area in isolation and shall 
have the power to implement soil and water conservation. 
The proposed authority has three units. First is conservation, 
to look at the soil and water conservation plan. Second is 
governance for looking into the administrative /financial 
aspects and ensuring the involvement of stakeholders. Lastly 
Monitoring unit, since Upper Lake is the largest in the city 
with a catchment area of 361 Km2. A monitoring lab along 
with environmental scientists and lab assistants to record 
water quality of the lake and the Kolans river. Nothing 
could be successfully achieved if the prevailing issues 
associated with the Upper Lake are dealt in isolation in the 
conservation plan. Development regulations in the form of a 
statutory document should be available in the public domain 
for reference regarding any development project in the 
catchment area. 
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